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Abstract 
The effect of different variables (reactive precursors, additives, stoichiometric ratio) on the final morphology of nano-ZnO 
obtained by a microwave-assisted technique has been investigated. The characterization of the samples was carried out by 
scanning electron microscopy in transmission mode (FE-SEM), infrared spectroscopy (FTIR) and x-ray diffraction (XRD). The 
results showed that all the above-mentioned variables influenced to some extent, the shape and/or size of the synthesized 
nanoparticles. In particular, the addition of an anionic surfactant (sodium di-2-ethylhexyl sulfosuccinate, AOT) to the reaction 
mixture allowed the synthesis of complex tridimensional particles with uniform size distributions and morphology. 
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1. Introduction 
ZnO is a solid which has been widely used in many materials and products, including paints, plastics, ceramics, 
adhesives, etc. It is a semiconductor belonging to the group II-VI with several interesting properties such as high 
electron mobility, wide band gap, strong luminescence at room temperature, among others. These properties make 
ZnO a compound attractive for various emerging applications. In the last two decades, many methods from gas 
phase processes in solution to synthetic routes have been investigated for the synthesis of ZnO nanoparticles 
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including precipitation in solution (Wang Lingna and Muhammed, 1999), spray pyrolysis (Paraguay D et al., 1999), 
hydrothermal synthesis (Wang Jinmin and Gao, 2003), sol-gel processes (Spanhel and Anderson, 1991) and 
microemulsion synthesis (Yıldırım and Durucan, 2010). 
In recent years, an alternative to conventional thermostatic control techniques has been the use of microwave 
radiation to avoid the drawbacks associated with the convection and conduction of heat back within the reaction 
system. Microwave heating is based on two mechanisms for conversion of electromagnetic radiation into thermal 
energy: dipolar rotation and ionic conduction. These processes are directly related to the chemical composition of the 
reaction mixture. Therefore, various compounds have different absorption properties of microwave and this behavior 
allows selective heating of the compounds in the reaction mixture. Some general advantages of microwave-assisted 
synthesis over conventional are the following: 1) increase in the reaction rate as a result of high heating rates, 2) 
wide range of reaction conditions, 3) high yields of reaction, 4) selective reactivity due to different absorption 
properties, 5) excellent control of the reaction conditions, 6) simple operation, enabling quick and easy optimization 
of experimental parameters. 
In this sense there are published results related to the synthetic methods of nano-ZnO in aqueous and nonaqueous 
media using microwave radiation (Huang et al., 2008). This technique of irradiation has been used to obtain 
nanostructures with different morphologies including spherical particles, rods, hexagonal rings, wires, hexagonal 
tubes, etc (Cho et al., 2008; Huang, Xia et al., 2008). 
Due to the variety of morphological results reported in the literature, it has been conducted a study related to the 
effect of different variables (precursors, temperature, and addition of additives) on the final morphology of the 
nanoparticles obtained through microwave assisted technique (Barreto et al., 2013). 
In this paper, the results for the synthesis and characterization of a series of nanoparticles with three-dimensional 
structures obtained by applying radiation in the microwave region are presented. 
2. Experimental method 
2.1. Synthesis 
In a typical synthesis process, an aliquot of precursor salt (Zn(NO3)2.6H2O, or Zn (CH3COO)2.2H2O) was diluted 
in deionized water (or an aqueous solution of di-2-ethylhexyl sodium sulfosuccinate AOT) to obtain a solution of Zn 
+2 (Table 1). Thereafter, 4 mL of a base (3.2 mol L-1) (NaOH, KOH or NH4OH) was added dropwise (2 min) to the 
above solution with magnetic stirring at room temperature, to obtain a colloidal system, which was kept under 
stirring for 10 minutes. The reaction mixture was transferred to a Teflon autoclave and treated at temperatures (80, 
100, 120 or 140 ° C) for a specified time (5, 10, 20 min) under controlled temperature conditions in a reaction 
system microwave (MarsX) operating at 300, 600 and 1200 W. After the reaction was completed, it was cooled to 
room temperature and the white precipitate was filtered and washed with deionized water and ethyl alcohol 
repeatedly. Finally, the product was dried at 65 °C in a vacuum oven for 3 h. 
Table 1. Experimental conditions of microwave-assisted synthesis performed (20 min at 140 ° C, 600 W). 
Synthesis Precursor of Zn2+, amount (moles) Base, amount (moles) Stoichiometric ratio, Zn2+: AOT 
MW-1 Zn(CH3COO)2 2H2O, 2.5x10-4 NH4OH, 4.0x10-3 AOT free 
MW-2 Zn(CH3COO)2 2H2O, 2.5x10-4 NH4OH, 4.0x10-3 1:2 
MW-3 Zn(NO3)2 6H2O, 4.8x10-4 NaOH, 9.6x10-4 1:2 
MW-4 Zn(NO3)2 6H2O, 4.8x10-4 NaOH, 4.8x10-4 1:2 
MW-5 Zn(NO3)2 6H2O, 4.8x10-4 NaOH, 9.6x10-4 AOT free 
2.2. Characterization 
To determine the structural properties of the ZnO nanoparticles synthesized the following techniques were 
applied: field emission scanning electron microscopy (FE-SEM), infrared spectroscopy (FTIR) and x-ray diffraction 
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(XRD). Characterization by x-ray diffraction was performed with a Siemens D500. Diffraction patterns were 
recorded from 10 to 80 ° 2θ with a step size of 0.06 ° to 35 kV and 25 mA. 
For microscopic studies, an aliquot of solid state material was placed on a carbon labeled and analyzed using a 
JEOL model JSM-7401F. Infrared spectra of ZnO nanoparticles were taken on a Nexus 470 model 
spectrophotometer (Nicolet) in transmittance mode. Sample preparation was done in tablet mixing nano-ZnO and 
KBr in an agate mortar. 
3. Results and discussion 
The XRD studies (Figure 1) show that when the reaction of microwave-assisted synthesis is carried out for 20 
minutes at 140 ° C, in all cases, signals coincide with typical diffraction corresponding to a wurtzite type structure of 
ZnO with lattice constants of a = 3.250 Å and c = 5.207 Å. Strong diffraction peaks appearing in 2T = 31.8 °, 34.3 ° 
and 36.5 °, corresponding to the (100), (002) and (101) planes, respectively.  
Studies by FTIR (Fig. 1) show the characteristic vibrations of ZnO in the product obtained. In all the cases the 
FTIR spectra show absorption bands centered at about 3430 and 2344 cm−1, which can be assigned to the O–H 
stretching vibrations, and bands centered at 1630 and 1384 cm−1 that correspond to the asymmetric and symmetric 
C=O stretching modes (CO2 modes). At low wave-numbers there can be observed a peaks located at approximately 
550 cm−1, corresponding to the Zn-O vibration of nanostructures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Characterization results of MW-1sample obtained by XRD and FTIR. 
Previously obtained results (Barreto, Morales et al., 2013) have shown that any change in the reaction process 
(synthesis temperature, types of precursors, microwave power, irradiation time, etc.) results in an effect on any of 
the structural parameters of the synthesized particles. 
In Figure 2, it can be observed the images obtained by FE-SEM corresponding to the MW-1 and MW-2 
synthesis. Both synthesis were performed using the same precursor and base, Zn (CH3COO)2 and NH4OH, and with 
a stoichiometric ratio such that there was a significant excess OH- versus the amount of Zn+2. 
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Fig. 2. AOT addition effect on the morphology of the synthesized ZnO particles. 
 
The presence of surfactant (AOT) causes a change in the morphology of the particles so that more complex 
structures are obtained. These three-dimensional particles could be attributed to a radial type growth, resulting in 
formation of cauliflower-like morphology. In the case of MW-1 synthesis, the particles are similar to those already 
characterized in a previous study (Barreto, Morales et al., 2013) where the morphologies obtained were of 
hexagonal prismatic type. 
The growth of the particles during the synthesis stage is directly related with the energy source employed. The 
first step in the reaction mechanism for the synthesis is related to the formation of a colloidal system: 
  
ܼ݊ଶାሺܽݍሻ ൅ ʹܱܪିሺܽݍሻ ՜ ܼ݊ሺܱܪሻଶሺݏሻ ՝                                                                                    (1) 
 
It is known that zinc cations react with hydroxide anions to form stable complexes, Zn(OH)4-2, which could act as 
growth units of ZnO nanostructures (Li et al., 1999; Yamabi and Imai, 2002). Therefore, when the synthesis is 
performed through an acidic route (base addition over Zn+2 solution) the growth mechanism can be considered as 
follows: 
 
ܼ݊ሺܱܪሻଶሺݏሻ ൅ ʹܪଶܱ ՜ ܼ݊ሺܱܪሻସଶି ൅ ʹܪା ՜ ܼܱ݊ ൅ ͵ܪଶܱ                                           (2) 
 
When the addition is made such that OH- is added to the solution of Zn+2, the reaction symbolized by equation (1) 
is performed and the formation of growth units during the irradiation step is favored as is symbolized in equation 
(2). In this sense, the complex Zn(OH)4-2 is generated under the effect of microwaves and it is known that the 
growth species can be polarized (Al-Gaashani et al., 2011) allowing a controlled and directed growth of the 
particles. This polarization allows carry out synthetic processes in short reaction times. 
On the other hand, different synthesis were performed by changing the stoichiometry relationship between Zn+2 
and OH-: 1:16 (MW-1 and MW-2) 1:2 (MW-3, MW -5) and finally 1:1 (MW-4). In Fig. 3 are shown the 
microscopic images corresponding to a series of three synthesis where the stoichiometric ratio was changed and 
were performed in presence and absence of AOT. 
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 MW-3, 1:2 with AOT                   MW-4, 1:1 with AOT              MW-5, 1:2 without AOT 
Fig. 3. Microscopic images of the ZnO nanoparticles synthesized. 
 
As can be seen by comparing the micrographs of MW-1 (Fig. 2) and MW-3 (Fig.3) synthesis, a decrease in the 
stoichiometric ratio results in a significant morphological change. The morphology obtained with a 1:2 
stoichiometric relationship between Zn+2 and OH-, and synthetic experimental conditions comparable with MW-1, 
allow to obtain stars type particles. For both mentioned synthesis it can be seen that the structures seem to be formed 
by the grouping of smaller particles which, by interacting during the growth stage acquire characteristics spatial 
arrangements. 
On the other hand, when the ratio decreases to 1:1 (MW-4) the particles are completely different. In this case the 
morphology obtained is simpler, and hexagonal prismatic type particles with sizes in the range of 200-300 nm are 
obtained. 
Finally, comparing the synthesis MW-3 and MW-5 where the experimental conditions were similar but the 
second synthesis mentioned is performed in the absence of AOT, it can be seen that no significant changes the 
morphological results are obtained. The absence of surfactant causes the formation of bars with pointed ends  
structures produced by grouping smaller particles and there are not star structures as when it is present the above 
reagent during the synthesis. 
4. Conclusions 
A simple and effective microwave assisted aqueous solution method has been used to synthetize ZnO with high 
crystallinity and purity. In addition, some parameters have been evaluated in order to analyze their effects on the 
ZnO nanoparticles obtained. In this sense, it could be seen that changes in stoichiometry relationship between Zn+2 
and OH- directly affect the morphology of the final structures that are obtained. By variation of the relationship 
mentioned or surfactant content it can be produced from simple prismatic particles to complex three-dimensional 
structures. 
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